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(54) Transformer core comprising groups of amorphous steel strips wrapped about the core window. 

(57) This transformer core comprises superposed groups of amorphous steel strip wrapped about the core 
window, each group comprising an inner section and an outer section disposed in superposed 
relationship, and each section comprising many thin layers of amorphous steel strip. Each of the layers in 
a section has a length dimension measured between the transversely-extending edges of the layer 
located at opposite ends of the section. The layers in the inner section of a group have substantially equal 
lengths, and the layers in the outer section of said group have substantially equal lengths of a greater 
value than the lengths of the layers in the inner section. At one end of each group the transversely- 
extending edges of ail the layers in said group are substantially aligned to form a smooth edge. At the 
other end of the group (i) the transversely-extending edges of the layers in the inner section are disposed 
to form a beveled edge for the inner section, (ii) the transversely-extending edges of the layers in the 
outer section are disposed to form a beveled edge for the outer section, and (iii) the beveled edge of the 
outer section overlaps the beveled edge of the inner section. 
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Cross-Reference to Related Patents 

This invention is related to the inventions descri- 
bed and claimed in the following patent and applica- 
tion, which are incorporated by reference in the pres- 5 
ent application: 

U.S. Patent 5,063, 654-Klappert and Freeman is- 
sued November 12, 1991 

Technical Field 10 

This invention relates to a core for an electric 
transformer and, more particularly, relates to a core 
that comprises a window and groups of amorphous 
steel strips wrapped about the core window. The in- 15 
vention also relates to a method of making such a 
core. 

Background 

20 

In the above-cited Patent 5,063,654, there is dis- 
closed a method of making an amorphous steel trans- 
former core that involves making up packets of amor- 
phous steel strip and then wrapping these packets 
about an arbor to build up a core form. When the core 25 
form is removed from the arbor, it has a window where 
the arbor was located, and the packets surround this 
window. Each packet comprises a plurality of super- 
posed groups of amorphous steel strip, and each 
group comprises two superposed sections, each of 30 
which comprises many thin layers of strip. 

Each multi-layer section of strip is derived from 
composite strip comprising many thin layers of strip 
disposed in superposed relationship. The composite 
strip is cut into sections of controlled length, the lay- 35 
ers in each section having transversely-extending 
edges at their opposite ends and a length dimension 
measured between said transversely-extending 
edges at opposite ends. Each group is assembled by 
stacking two of these sections together. In Patent 40 
5,063,654 the two sections forming a given group are 
cut to the same length and are stacked together with 
the transversely-extending edges of their layers at 
each end in alignment, thus forming a group that has 
squared-off edges at its opposite ends. 45 

When the above-described group of Patent 
5,063,654 is wrapped about the arbor of a core- 
making machine to produce a core form, the trans- 
versely-extending edges of the layers at one end of 
the group are maintained in substantial alignment, so 
thus retaining the substantially squared-off edge at 
one end of the group. But at the other end of the 
group, the transversely-extending edges of the layers 
become staggered as a result of the larger circumfer- 
ence of the core form at the outer layers compared to 55 
that at the inner layers. As a result of this staggering, 
the edge of the group is forced into a beveled config- 
uration, as shown at 52 in Figs. 1 and 2 of the present 



application. 

I have found that this beveled configuration is 
disadvantageous from a core-loss viewpoint, whether 
the joint is a lap-type joint or a butt-type joint. In the 
case of the lap joint, where the ends of each group 
overlap to form the lap joint, this beveled configura- 
tion appears to introduce a thinness in the magnetic 
circuit at a crucial location where steel is needed to 
produce ideal flux transfer. In the case of the butt 
joint, the beveled configuration introduces a relatively 
large V-shaped gap between the substantially-alig- 
ned, transversely-extending edges of the group, 
which gap detracts from ideal flux transfer between 
the aligned ends. 

Summary of Invention 

The present invention is set forth in claims 1 and 

7. 

A feature of the invention is to provide, in an 
amorphous steel core that is made by wrapping about 
the core window multi-layer groups of amorphous 
steel strip cut to controlled lengths from composite 
strip, joints between the ends of the groups that ex- 
hibit exceptionally low core loss. 

Another feature is to provide, in the type core re- 
ferred to in the preceding object, lap joints that exhibit 
lower core loss than is exhibited by the type of lap 
joints present in corresponding locations in the core 
of U.S. Patent 5,063,654 (where one end of each 
group terminates in a single beveled edge), assuming 
that the amount of overlap is the same in the two 
types of lap joints. 

Another feature is to achieve, with less overlap in 
each lap joint than is present in the lap joint of U.S. 
Patent 5,063,654, core loss no greater than charac- 
terizes the lap joints of the patent. Reducing the 
amount of overlap present in each lap joint enables 
more lap joints to be present in a given length of core, 
thus reducing the size of the usual hump present in 
the core where the lap joints are located. 

In carrying out my invention in one form, I provide 
a transformer core comprising superposed groups of 
amorphous steel strip wrapped about the window of 
the core, each group comprising an inner section and 
an outer section disposed in superposed relationship, 
and each section comprising many thin layers of 
amorphous steel strip. Each of the layers in a section 
has transversely- extending edges of opposite ends of 
the section and a length dimension measured be- 
tween the transversely-extending edges at opposite 
ends of the section. The core is further characterized 
by the layers in the inner section of a group having 
substantially equal lengths, and the layers in the out- 
er section of said group having substantially equal 
lengths of a greater value than the lengths of the lay- 
ers in the inner section. At one end of each group, the 
transversely-extending edges of all the layers in said 
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group are substantially aligned to form a relatively 
smooth edge at said one end of the group. At the 
other end of each group, (i) the transversely-extend- 
ing edges of the layers in the inner section are dis- 5 
posed to form a beveled edge for said inner section, 
(ii) the transversely-extending edges of the layers in 
the outer section are disposed to form a beveled adge 
for said outer section, and (iii) the beveled edge of 
said outer section overlaps the beveled edge of said 10 
inner section. 

In one embodiment of the invention, one end of 
each group overlaps the other end of said group to 
form a lap joint between the ends of said group, and 
the overlapping end of each group includes the bev- 15 
eled edges of the inner and outer sections of the 
group. The beveled edges of a group are located im- 
mediately adjacent the smooth edge of the next radi- 
ally-outwardly succeeding group. 

In practicing one form of the method of my inven- 20 
tion, I derive the above-described sections forming 
each group from composite strip comprising many 
thin layers of amorphous steel strip. One of the sec- 
tions is derived by cutting the composite strip to form 
a multi-layer section of predetermined length, and the 25 
other of the sections is derived by cutting the compo- 
site strip to form a multilayer section of a greater 
length than said predetermined length. The two sec- 
tions are stacked together (i) with their edges at one 
end of the two sections in substantial alignment to 30 
form a group having a relatively smooth edge at said 
one end and (ii) with the edges within each section 
aligned at the other end of the two sections but with 
the edges of one section staggered with respect to 
the edges of the other section. The group is then 35 
wrapped about an arbor (i) while maintaining the 
smooth edge configuration at one end of the group, 
and (ii) with the longer section located radially out- 
wardly of the other section. The result of the wrapping 
is at said other end of the group, each of the two sec- 40 
tions develops a beveled edge, with the beveled edge 
on the outer section overlapping the beveled edge on 
the inner section. 



Brief Description of Figures 
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Fig. 1 is a sectional view of the yoke portion of a 
prior art amorphous metal core. This yoke portion 
contains distributed lap joints. 

Fig. 2 is an enlarged view of some of the lap joints so 
of the Fig. 1 core. 

Fig. 3 is an enlarged side elevational view of a 
packet of amorphous metal strip used in manufactur- 
ing the prior art amorphous steel core of Figs. 1 and 
2. 55 

Fig. 4 is a plan view of the packet of Fig. 4. 

Fig. 5 is an enlarged side elevational view of a 
packet of amorphous steel strip used in manufactur- 
ing an amorphous steel core embodying one form of 



my invention. 

Fig. 6 is an enlarged view of lap joints produced 
when the packet of Fig. 5 is wrapped about the win- 
dow of a core as part of my core- manufacturing proc- 
ess. The groups in the packet of Fig. 5 are made long 
enough to have overlapping ends when wrapped 
about the core window. 

Fig. 7 is an enlarged view of butt joints produced 
when the packet of Fig. 5 is wrapped about a core win- 
dow that is of such size that butt joints are formed be- 
tween non-overlapping ends of each group in the 
packet. 

Fig. 8 is an enlarged view of some of the butt 
joints illustrated in Fig. 7. 

Fig. 9 is a schematic illustration of a core-making 
machine of the belt-nesting type that is used for wrap- 
ping packets about the arbor of the core-making ma- 
chine. 

Description of Prior Art 

The type of transformer core that I am concerned 
with is made by wrapping about the arbor of a core- 
making machine a plurality of packets of amorphous 
steel strip material. A typical prior art form of one of 
these packets is shown at 10 in Figs. 3 and 4, and a 
core that is made with such packets is illustrated at 
12 in Fig. 1. The packet shown in Figs. 3 and 4 com- 
prises three groups 14 of amorphous steel strip ma- 
terial, each group comprising many thin layers 16 of 
amorphous steel strip stacked in superposed relation- 
ship. Each layer has longitudinally-extending edges 
18 at its opposite sides and transversely-extending 
edges 20 at its opposite ends. In the prior art con- 
struction shown in Figs. 3 and 4, the layers 16 in each 
group have their longitudinally-extending edges 1 8 at 
each side disposed in alignment and their transverse- 
ly-extending edges 20 at each end of the group dis- 
posed in alignment. 

I prefer to use a core-making machine of the belt- 
nesting type shown and claimed in Application S.N. 
623,265 --Klappert and Houser, filed December 6, 
1990, assigned to the assignee of the present inven- 
tion and incorporated by reference in the present ap- 
plication. Some features of this machine are generally 
illustrated in Fig. 9. For example, the machine of Fig. 
9 comprises a belt-nesting device 21 into which the 
above-described packets 10 are fed by a conveyer 
system 22 comprising a belt drive 23 that transports 
the packets in the direction of arrow 24. the belt- 
nesting device 21 comprises a rotatable arbor 25 hav- 
ing a horizontal axis encircled by a flexible belt 26. In- 
dividual packets 1 0 of strips are guided into the space 
between the belt and arbor, where they are wrapped 
about the arbor as the belt 26 moves in the direction 
of arrow 27 to rotate the arbor in a counter-clockwise 
direction. Where the packets of strips enter the space 
between the belt and the arbor, there are two verti- 
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cally-spaced front rollers 30 and 32 about which the 
belt 26 is partially wrapped. A thin guide 35 directs the 
packets generally upward as they enter the gap be- 
tween the rollers. The rollers 30 and 32 serve as 
guide rollers for the belt 26 and are rotatable mounted 
on fixed axes. As shown in the aforesaid Klappert and 
Houser application 623,265, the belt 26 is an endless 
flexible belt that extends externally of the arbor 25 
and guide rollers 30 and 32 around a series of addi- 
tional guide rollers, tensioning rollers, and a motor- 
driven pulley (none of which are shown in the present 
application) to enable the belt to be appropriately driv- 
en as shown. The arbor 25 is supported on a shaft 34 
which is slidably mounted in slots 36 in stationary sup- 
port members 38. As the core form is built up about 
the arbor, the shaft 34 is forced to shift to the left in 
the slots 36 against the opposing bias of the belt- 
tensioning device (not shown), thus providing room 
for new packets of strips fed onto the arbor. The Klap- 
pert and Houser application illustrates in more detail 
how the individual packets are fed into the belt- 
nesting device and wrapped one at a time about the 
arbor. 

After a toroid of the desired build has been 
formed in the belt-nesting device 21, this toroid is re- 
moved from the arbor 25 of the belt nesting device 
and is suitably shaped in a conventional manner, as 
by core-shaping apparatus (not shown) in which ap- 
propriately configured tools are inserted into the core 
window and are then forced apart. Thereafter, the 
shaped core form is placed in an annealing oven, 
where it is heated and then slowly cooled to relieve 
stresses in the amorphous steel strip material. These 
shaping and annealing steps are both conventional 
and are not illustrated in the drawings. 

In a typical prior art packet (10), each of the 
groups 14 present therein comprises 30 layers of 
amorphous steel strip, each layer being about .001 
inch thick. These groups are derived from one or more 
continuous lengths of composite strip (not shown). 
Typically, this composite strip is 15 layers thick. Two 
sections of the required length are cut from the com- 
posite strip, and these two sections (shown at 42 in 
Fig. 3) are stacked together to form a group 14. The 
typical prior art approach is to cut each of the two sec- 
tions 42 that constitute a group to the same length 
and to stack the two sections together so that their 
transversely-extending edges 20 at opposite ends of 
the group are aligned. Thus, when the group 14 is in 
its flat; unwrapped state, as shown in Figs. 3 and 4, 
the transversely-extending edges 20 of ail the layers 
in the group are aligned. 

In the typical prior art approach, the two sections 
42 constituting each individual group are cut to the 
same length, but the groups are cut to different 
lengths to compensate for the increasing build of the 
core. More specifically, proceeding in a radially-out- 
ward direction in the core (or from bottom to top in Fig. 



3), each group is made longer than its immediately- 
preceding group by an amount of 2rcT, where T is the 
thickness of the immediately preceding group. Where 

5 the immediately-preceding group is a 30-strip group, 
each strip having a thickness of .001 inch, the next 
succeeding group is made longer by 2tix30x.001 or 
0.1 88 inch. Thus, each group is long enough to encir- 
cle the progressively increasing circumference of the 

10 core as the core is built up by the inclusion of addi- 
tional groups. 

When the packet of Figs. 3 and 4 is made in ac- 
cordance with the immediately-preceding paragraph, 
the intermediate group 14 will be 0.188 inches longer 

15 than the bottom group, and the top group 14 will be 
0.1 88 inches longerthan the intermediate group. This 
assumes that the bottom group will be the one closest 
to the core window in the final core and top group will 
be the one furthest radially-outward from the core 

20 window. 

When the groups 14 are dimensioned and incor- 
porated as described in the immediately-preceding 
two paragraphs, the joints in the final core will have 
the appearance illustrated in Figs. 1 and 2. More spe- 

25 cifically, at one end of each group the transversely- 
extending edge of all the layers in the group will be 
aligned to form a smooth squared-of f edge (as shown 
at 50), and at the other end of the group the edges 
of the layers in the group will be located to form a sin- 

30 gle-beveled edge (as shown at 52) for the group. 

I have found that the above-described single bev- 
eled edge configuration leaves something to be de- 
sired from a core-loss viewpoint, even in a lap joint, 
where the ends of each group overlap to form the lap 

35 joint. The single beveled configuration appears to in- 
troduce a thinness in the magnetic circuit at a crucial 
location where steel is needed to produce ideal flux 
transfer. 

I have found that I can reduce the core loss by 

40 modifying the groups and the resulting lap joints in 
the manner illustrated in Figs. 5 and 6. In these latter 
figures, parts that correspond to similar parts in Figs. 
1-4 have been assigned corresponding reference nu- 
merals except with the prefix "1" included. More par- 

45 ticularly, in Fig. 5 there is shown a packet 110 com- 
prising a stack of three multi-layer groups 114, each 
group comprising two sections 142a and 142b, and 
each section comprising many layers 116 (e.g. 15 lay- 
ers) of thin amorphous steel strip with a thickness of 

so about .001 inch per layer. In each individual section 
142a or 142b, the layers 116 have the same length 
(as measured between their transversely-extending 
edges 120 at opposite ends of the section) and have 
their transversely-extending edges 120 aligned at op- 

55 posite ends of the section. The layers in the two dif- 
ferent sections 142a and 142b forming a group are 
not, however, of equal length as in Figs. 1-4. More 
specifically, in each of the groups 114 depicted in Fig. 
5, the layers 116 in the upper section 142b have a 
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length greater than that of the layers 11 6 in the lower 
section 142a. In a preferred embodiment, this differ- 
ence in lengths is 2hT, where T is the thickness of the 
lower section 142a. Thus, where each of the sections 
142a and 142b is 15 strips in thickness, the layers in 
the upper section 142b have a length exceeding the 
length of the layers in the lower section 142a by 
2tix.015 inch or .094 inch. This difference in lengths 
is designated x in Fig. 5. 

In the packet of Fig. 5, the lower section 142a of 
the intermediate group 14 is made longer than the up- 
per section 1 42b of the lower group 1 4 by an amount 
2nT, where T is the thickness of the upper section 
142b of the lower group. Since T is equal to 0.01 5, the 
difference in lengths is .094 inch. Similarly, the lower 
section 142a of the upper group 14 is made longer 
than the upper section of the intermediate group by 
an amount .094 inch. It will thus be apparent that 
throughout the packet, each successive section, pro- 
ceeding upwardly, is .094 inches longer than the sec- 
tion immediately beneath it. 

When the packet of Fig. 5 is wrapped about the 
arbor of a core-making machine as shown in Fig. 9, 
the lap joints in the core form have the configuration 
depicted in Fig. 6. At one end of a wrapped group, the 
layers in the two sections have all their edges aligned 
in a substantially smooth, squared-off edge configur- 
ation as shown at 150 in Fig. 6. But at the other end 
of the wrapped group, the edges of the inner section 
142a are staggered to form a first beveled edge 152a, 
and the edges of the outer section 142b are stag- 
gered to form a second beveled edge for the outer 
section. The beveled edge 152b for the outer section 
overlaps the beveled edge 1 52a for the inner section, 
as best seen in Fig, 6. 

It will be apparent that for a given amount of over- 
lap Y between the ends of a group, the edge config- 
uration of Fig. 6 results in more steel being present in 
the crucial overlap region in the Fig. 6 joint than is the 
case for the prior art joint of Fig. 2. This extra steel in 
this region provides for more sharing among the lay- 
ers of the flux passing between the lapped ends of 
the group, thereby reducing the chances that this flux 
will saturate the layers in this region. Accordingly, for 
a given amount of overlap between the ends of a 
group, the joints of Fig. 6 have a lower core loss than 
the joints of Fig. 2. 

In some applications the core-loss performance 
of the Fig. 2 arrangement is satisfactory. Even in such 
applications, I can advantageously utilize my inven- 
tion by reducing the dimension Y of Fig. 6 to such an 
extent that the core losses in the Fig. 6 joints are 
equal to those in the Fig. 2 joints. This reduced space 
requirement for each joint enables me to incorporate 
more joints in a given length of the core. Accordingly, 
I can incorporate more groups in each packet of the 
core without increasing the core loss. With more 
groups in each packet, I can reduce the number of 



packets in the core. Reducing the number of packets 
in the core is advantageous because it allows for a re- 
duction in the size of the usual hump that is present 
5 in the core in the joint region. 

The above-described double bevel construction 
for the end of a group is advantageous not only for 
cores of the lap-joint type, as described above, but 
also for cores of the butt-joint type. Figs. 7 and 8 il- 
10 lustrate butt-joint types of cores, Fig. 8 the prior art 
type and Fig. 7 one embodying the present invention. 
In both of these butt-joint types of core, a substantial 
portion of the flux passes directly between the 
aligned ends of a group. The closer these ends are to- 
rs gether, the lower will be the core loss for this joint. 
The double bevel configuration of Fig. 7 enables the 
edge 152b to be located in close proximity to the 
squared-off edge 150, thus reducing the effective 
length of the gap in this region as compared to a con- 
20 struction in which there is no overlapping between 
edge 152b and 152a, as exemplified by the prior art 
construction of Fig. 8. 

While we have shown and described particular 
embodiments of our invention, it will be obvious to 
25 those skilled in the art that various changes and mod- 
ifications may be made without departing from our in- 
vention in its broader aspects; and we, therefore, in- 
tend herein to cover all such changes and modifica- 
tions as fall within the true spirit and scope of our in- 
30 vention. 



Claims 

35 1. A transformer core comprising a window and su- 
perposed, staggered groups of amorphous steel 
strip wrapped about the window, each group 
comprising an inner section and an outer section 
disposed in superposed relationship, and each 

40 section comprising many thin layers of super- 

posed amorphous steel strip, the core being fur- 
ther characterized by: 

(a) each of the layers in a section having 
transversely-extending edges at opposite 

45 ends of the section and a length dimension 

measured between the transversely-extend- 
ing edges at opposite ends of the section, 

(b) the layers in the inner section of a group 
having substantially equal lengths and the 

so layers in the outer section of said group hav- 

ing substantially equal lengths of a greater 
value than the lengths of the layers in the in- 
ner section, 

(c) at one end of each group the transversely- 
55 extending edges of all the layers in said group 

being substantially aligned and forming a 
smooth edge at said one end of said group, 

(d) at the other end of each group (i) the trans- 
versely-extending edges of the layers in said 
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inner section being disposed to form a bev- 
eled edge for said inner section, (ii) the trans- 
versely-extending edges of the layers in said 
outer section being disposed to form a bev- 5 
eled edge for said outer section, and (iii) the 
beveled edge of said outer section overlap- 
ping the beveled edge of said inner section. 

A core as defined in claim 1 and further charac- 10 
terized by: 

(a) said other end of each group overlapping 
said one end of said group to form a lap joint 
between said ends, 

(b) the overlapping end of each group includ- 15 
ing the beveled edges on the inner and outer 
sections, and 

(c) the beveled edges of a group being located 
in substantially abutting relationship with said 
smooth-edge end of the next radially-out- 20 
wardly succeeding group. 

A core as defined in claim 2 and further charac- 
terized by said groups being arranged in packets 
in each of which packets said lap joints are stag- 25 
gered angularly of said core. 

A core as defined in claim 1 and further charac- 
terized by the layers in said outer section having 
a length which exceeds the length of the layers 30 
in said inner section by an amount substantially 
equal to 2rcT, where T is the thickness of said in- 
ner section. 

A core as defined in claim 1 and further charac- 35 
terized by: 

(a) said two ends of each group disposed in 
substantially aligned relationship, and 

(b) said end of each group that includes the 
beveled edges on the inner and outersections 40 
of the group being located in substantially 
abutting relationship with the smooth edge on 

the other end of said group. 

A core as def ined in claim 1 in which at said one 45 
end of each group the substantially aligned edges 
of the layers in said group form a squared-off 
edge of said group. 

A method of making a transformer core compris- so 
ing a window and superposed groups of amor- 
phous steel strip wrapped about the window, 
each group comprising an inner section and an 
outer section disposed in superposed relation- 
ship, and each section comprising many thin lay- 55 
ers of superposed amorphous steel strip, said 
method comprising: 

(a) providing composite amorphous steel strip 
comprising many thin layers of amorphous 



steel strip, 

(b) cutting said composite strip to detach 
therefrom a first multi-layer section of prede- 
termined length, 

(c) cutting said composite strip again to de- 
tach therefrom a second multi-layer section of 
substantially greater length than said prede- 
termined length, 

(d) stacking the two sections together (i) with 
their edges at one end of the two sections in 
substantial alignment to form a group having 
a relatively smooth edge at said one end and 
(ii) with the edges within each section sub- 
stantially aligned at the other end of the two 
sections but with the edges of one section 
staggered with respect to the edges of the 
other section, 

(e) wrapping said group about an arbor while 
maintaining the smooth-edge configuration at 
one end of said group and with the longer sec- 
tion located radially outward of the other sec- 
tion, thereby developing a beveled edge on 
each of the two sections, with the beveled 
edge on the outer section overlapping the 
beveled edge on the inner section. 

8. A method as defined in claim 7 and further com- 
prising: 

(a) deriving additional pairs of sections from 
said composite strip by steps corresponding 
to those defined in paragraphs (b) and (c), 
claim 7. 

(b) stacking together the sections of said ad- 
ditional pairs in accordance with paragraph 
(d) of claim 7 to form additional groups, 

(c) stacking said additional groups and the 
group of claim 7 together in longitudinally- 
staggered relationship to form a packet, and 

(d) effecting the step of paragraph (e), claim 
7 by wrapping said packet about said arbor 
while maintaining the smooth edge configur- 
ation at one end of each of said additional 
groups and with the longer section of each ad- 
ditional group located radially outward of the 
other section of said group, thereby develop- 
ing in each additional group a beveled edge 
on each of the two sections in each said ad- 
ditional group, with the beveled edge on the 
outer section overlapping the beveled edge 
on the inner section. 

9. A method as defined in claim 7 in which said sec- 
ond s ction is cut to a length greater than said 
first section by an amount of substantially 2ttT, 
where T is the thickness of said first section. 

10. A method as defined in claim 8 and further char- 
acterized by the longer section of each pair of 
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sections in a group having a length exceeding 
that of the shorter section by an amount substan- 
tially equal to 2nT, where T is the thickness of the 
shorter section. 5 

.11. A method as defined in claim 8 and further char- 
acterized by: each succeeding section proceed- 
ing radially-outward in said packet being cut to 
have a length exceeding that of the immediately- w 
preceding section by an amount substantially 
equal to 2kT, where T is the thickness of the im- 
mediately-preceding section. 
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